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Introduction
The U.S. Geological Survey (USGS) conducted a program of Coal Exploration and
Resource Assessment of Armenia as part of a USAID-funded (U. S. Agency for International
Development) energy project in the Commonwealth of Independent States of the former Soviet
Union. The USGS conducted detailed field work on six coal fields in Armenia - Antaramut,
Shamut, Jermanis, Jajur, Iljevan, and Nor Arevik - and exploratory drilling on one - the Antaramut

Coal Field (fig. 1).

Coal Field

The Antaramut Coal Field is located in north-central Armenia approximately 15 km north
of Vanadzor, the third largest city in Armenia (fig. 1). Coal has been reported in the Antaramut
coal field since around the turn of the century. However, the coal had always been thought, by
previous workers, to have occurred in an area of approximately 1 km? (Talanian and Bogdanova,
1956; Keshabian and others, 1997). Because of the exploration work carried out by USGS, the
coal field has been expanded from the 1 km’ area to an area of approximately 20 km” (fig. 2).
Because the coal field has been greatly expanded as a result of the exploratory drilling, we have
renamed the coal field to include the three villages in the area the coal field encompasses. Thus,

we have named this coal field the Antaramut-Kurtan-Dzoragukh coal field (fig. 2).

Methodology
The USGS drilled 41 boreholes at 32 locations in the Antaramut-Kurtan-Dzoragukh coal

field from May 1997 to July 1999. Total drilling equaled 4162 m - 1349 cored meters and 2813



rotaried meters. Maximum depth drilled in this project was 264 m. This was not the capacity of
the rig, but rather, the maximum depth of interest based upon geology and lithology of the region.

In the beginning, we twin holed most locations. That is, the hole was rotary drilled and
geophysically logged. Then, a second borehole, usually 4 to 5 m away from the first was rotary
drilled to intervals of interest, usually coal, which were then cored. In the second year of the
project, however, we encountered many technical engineering difficulties because of fractures in
the strata above the coal, and as a result, we commonly cored the entire hole. Often, rotary
drilling was neither safe nor efficient. Further, because of the complicated geology (tectonics,
structure) of the coal field, the complete cores gave us more information than could be obtained
by rotary drilling,

The USGS used an SKB-4 (CKB-4) Russian coring drill rig. The USGS modified this
drill rig in order to conduct both rotary and core drilling using the same rig. Modifications

included adding a much larger mud pump than was originally found on the rig.

Data
Borehole Descriptions
Contained in this report are the lithologic borehole descriptions of each locality drilled by -
the USGS as part of this program. Only one borehole description per site is included in this
report. Descriptions appear in both English (Appendix A) and Russian (Appendix B) and
locations of each borehole are found on figure 2. Also included are three holes (holes 1, 2, and 3)
drilled jointly by the USGS and the Republic of Armenia Ministry of Environment Gugark

Expedition, in fulfillment of their State Plan for Coal Exploration. All descriptions of borehole



lithologies for boreholes 4 through 32 and the interpretations of the coal field’s stratigraphic units
are made by the USGS. The descriptions for boreholes 1 through 3 were made by the Ministry of

Environment geologist, but are reinterpreted here using our stratigraphic nomenclature.

Thin Section Descriptions

Also included in this report are thin secﬁon descriptions of numerous outcrop and
borehole samples taken as part of the USGS exploratory program. Thin section descriptions are
also presented in both English (Appendix C) and Russian (Appendix D) and outcrop sites or
borehole locations are found on figure 2. Occasionally, thin section descriptions do not match
with generalized borehole interval lithologic descriptions. This is because the thin section comes
from a very small part of the overall lithologic interval and they may not be representative of the
entire lithology.

Because the petrographer is Armenian, the thin section descriptions were written in
Russian and translated into English. Most of the descriptive, textural, and mineral terms are the
same in both languages. However, there were a few notable exceptions. Three of these are

Russian textural terms:

crystalloclastic: made up of fragments of minerals
vitroclastic: composed of fragments of volcanic glass
lithoclastic: made up of fragments of rocks

Thus, for example, vitrocrystalloclastic texture would mean “made up of fragments of volanic

glass and minerals” (Paffenholts, 1973).
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Appendix A

Borehole Descriptions, in English, from the

Antaramut-Kurtan-Dzoragukh Coal Field



Borehole 1
(elevation 1497 m)

0.0-6.0 Andesite

Dark gray, gray, in some places with a greenish tinge. Plagioclase and pyroxene
phenocrysts are present in the groundmass. The rock is carbonatized, in some
places chloritized.
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6.0-9.0 Tuffaceous sandstone

Gray-brown and brown, fine- and medium-grained. Rock fragments and mineral
debris are rounded and semirounded, rarely - angular. Dimensions - max 1 mm
across.

»
o

9.0-19.0  Andesite
10.0 Dark gray and gray, analogous to interval 0.0-6.0 m.

19.0-150.0  Andesite, andesite-basalt
131.0 Dark gray. Cuttings are represented by dense, hard rock. In individual large
fragments there occur crystals of pyroxene, amphiboles, also shapeless
carbonate formations. The groundmass fragments are represented by dark gray
volcanic glass. In some intervals - yellowish gray tuffaceous sandstone partings
(1.5-2 m max), which contain volcanic glass, feldspar, rarely pyroxene,
amphibole, mica and quartz.



Borehole 2
(elevation 1512 m)

0.0-101.0  Tuffbreccia
60.0 Dense, greenish gray, in some places bluish green. The rock fragments consist of
extrusive rock and mineral debris: plagioclase, quartz, biotite, possibly
hornblende, also volcanic glass, which most likely comprises the groundmass.
The rock is carbonatized, in some places chloritized.

101.0-142.0 Tuffaceous sandstone
41.0 Gray, in some places with a greenish tinge. By composition is analogous to the
previous interval. The rock in some places is ochered.

142.0-148.0 Rhyolitic tuff
6.0 Dense, hard, yellowish gray, rarely contains extrusive rock fragments. Minerals:
plagioclase, biotite, rarely - quartz. Volcanic glass is also present.

148.0-224.0 Tuff breccia, Tuffaceous conglomerate
76.0 Dense, hard, gray, in some places with a greenish tinge, consists of rock
fragments and mineral debris, most likely cemented by volcanic glass and ash.
Minerals: semi-rounded grains of feldspar, quartz, biotite.



Borehole 3
(elevation 1488 m)

3.0-64.0  Dacitic lava breccia
61.0 Dense, hard, gray and brown-gray, carbonatized, in some intervals - chloritized
and ochered. The rock probably consists of rock fragments and mineral debris
cemented by volcanic glass and ash. Extrusive rock fragments are angular, rarely
semi-rounded. Minerals: quartz, feldspars, rarely biotite, possibly amphibole.
Individual ore mineral grains are present.



3.0-22.0
19.0

22.0-26.0
4.0

26.0-26.6
0.6

26.6-28.9
23

28.9-48.0
19.1

48.0-64.0
16.0

64.0-65.7
1.7

65.7-66.4
0.7

66.4-66.6
02

66.6-66.8
02

66.8-72.0
52

Borehole 4
(elevation 1440 m)

Tuffaceous sandstone or tuffaceous siltstone

Cuttings are brown-gray, in some places with a greenish tinge; fragments of
dense, hard rock with concealed and fine-grained texture, most probably
fractured, fractures are ochered; hard extrusive rock fragments, quartz,
plagioclase are present. The rock is weakly carbonatized.

Tuffaceous sandstone
Greenish gray, dense, hard, fracture are intensely ochered, carbonatized and
chloritized. Minerals: plagioclase, quartz, and rarely biotite.

Carbonaceous shale - Bed Number 1
Dark brown, in some places with greenish tinge. Fractured, and along the
fractures carbonatized and sometimes chloritized and ochered.

Tuffaceous siltstone
Greenish gray, dense, in some places crushed, fractures are ochered,
carbonatized.

Tuff breccia and Tuff conglomerate

Greenish gray, dense, hard; extrusive rock fragments: angular, rarer semi-
rounded, 2 x 2 cm by size. Minerals: quartz, plagioclase, biotite, hornblende.
The rock is fractured, fractures are carbonatized.

Tuff breccia and Tuff conglomerate
Dark gray, dense, hard, fractures are carbonatized. Rock fragments are angular,
max. 0.5 cm, many are ochered, carbonatized.

Rhyodacitic tuff
Light gray, dense, in some places fractured, fractures are ochered, carbonatized.

Tuffaceous sandstone
Light gray, coarse-grained, w/ rock fragments (up to 5% of the whole mass), 3
cm across, fractures are ochered, carbonatized.

Sandstone
Gray, coarse-grained, crushed, ochered, carbonatized.

Carbonaceous shale
Dark gray, dense, hard, possibly silicified, w/ very thin coal lenses (1 mm max.).

Sandstone
Greenish gray, medium-grained, crushed, shattered w/ rolls and semi-rounded
extrusive rock fragments (1 x 2 cm).



72.0-73.2
12

73.2-74.7
1.5

74.7-75.1
04

75.1-86.0
10.9

Tuffaceous sandstone-tuff conglomerate
Brecciated, shattered, crushed, w/ rounded rock fragments (2X2 cm),
carbonatized, chloritized.

Coal - Bed Number 2 :
Black, crushed, fractures are carbonatized, in some places silicified, includes
light gray siltstone partings.

Siltstone
Gray, dense, fractures are carbonatized, interbedded w/ medium- and fine-
grained sandstones. The rock is carbonatized.

Tuffaceous siltstone
Chestnut brown, fractures are carbonatized, chloritized, slightly striated,
shattered.



Borehole 5
(elevation 1400 m)

3.0-40.0  Clay shale
37.0 Cuttings are brown, clayey, some fragments are laminated. The rock is friable,
plastic when wet, contains clasts (gruss, gravel) making max 10 percent of the
whole rock mass, in some intervals the rock is chloritized. In the interval 13.0-
15.0 m the cuttings are light gray.

40.0-57.0  Tuffbreccia
17.0 Light gray, dense, with extrusive rock fragments - angular, semi-rounded, 2 x 2
cm. Minerals: quartz and plagioclase. The rock is carbonatized.

57.0-66.0  Rhyolitic tuff
11.0 Yellowish gray, dense, fractures are highly ochered, carbonatized. Minerals:
quartz, hornblende, chlorite, also some red mineral, possibly cinnabar.

66.0-108.0  Tuff breccia
42.0 Gray, dense, fractures are carbonatized, ochered. Rock fragments are angular, 1
cm across. Minerals: quartz, plagioclase, rare biotite scales.

108.0-144.7 Siltstone
36.7 Brown, with coarse-grained sandstone partings, rounded rock fragments. In
certain intervals the rock is fractured, fractures are carbonatized, chloritized.
Contains quartz grains. Extrusive rock fragments, in some intervals, make 30
percent of the whole mass, reaching 10 cm across in size.



Borehole 6
(elevation 1535 m)

4.0-13.0  Tuff breccia
9.0 Brown. The rock is soft, plastic when wet. There occur rock fragments and
mineral debris: quartz, feldspars, chlorite, sericite. A portion of the fragments
are semi-rounded. The rock is carbonatized, chloritized.

13.0-68.0  Tuff breccia
55.0 Gray, in some places greenish gray, most likely strongly tectonically affected,
which result in the intense carbonatization, chloritization and ochering of the
rock. Secondary minerals are abundant: quartz, chlorite, carbonate. Sulfide
phenocrysts are present in some individual cuttings.

68.0-78.0  Basalt
10.0 Dense, dark gray, with a cryptocrystalline texture. Rare debris of pyroxene and
plagioclase are present.

78.0-88.0  Tuffaceous sandstone
10.0 Gray, in some places greenish gray. By composition is analogous to interval
13.0-68.0 m.

88.0-108.0  Tuff breccia, tuffaceous sandstone
20.0 Gray, dense, in the interval 94.0-101.0 m - ferruginized. Minerals: quartz,
plagioclase, and rarely biotite. The rock is carbonatized, less chloritized.



80.0-122.0
42.0

122.0-153.0

31.0

153.0-184.0

31.0

184.0-202.0

18.0

202.0-264.0

62.0

Borehole 7
(elevation 1590 m)

Tuff breccia
Dense, hard, light gray with a brownish tinge, consists of extrusive rock and
mineral debris: quartz, plagioclase, dark amphiboles.

Tuff breccia

Dense, hard, greenish gray. The extrusive rock fragments and mineral debris are
bound by a groundmass represented by volcanic glass and ash. Minerals: quartz,
plagioclase, rarely biotite, possibly hornblende. The rock is carbonatized, in
some places chloritized and ferruginized.

Tuff breccia

Dense, of medium hardness, light gray. Basic extrusive rock fragments make
max 15 percent. Minerals: quartz, plagioclase, rarely biotite. The rock is
carbonatized, in some intervals chloritized, ferruginized.

Rhyolitic tuff
Dense, gray with a pinkish tinge. Individual debris of quartz and biotite are
present.

Basalt

Dense, hard, dark gray, slightly carbonatized, with some ferruginized spots.
Individual debris of plagioclase, possibly pyroxene, also fragments of ground
mass represented by volcanic glass are present.

Tuff breccia

Dense, brown-gray, in some places with a greenish tinge, carbonatized. There
occur extrusive rock fragments (10 percent) and mineral debris: quartz,
plagioclase, biotite.

Tuff and Tuff breccia

Dense, hard, greenish gray. Extrusive rock fragments, mineral debris and
volcanic glass are present. The rock is slightly carbonatized, some fragments are
ochered.



3.0-18.0
15.0

18.0-25.5
7.5

25.3-273
1.8

27.3-34.0
6.7

34.0-37.0
1.0

37.0-37.3
03

37.3-39.9
2.6

39.9-57.7
17.8

57.7-59.0
13

59.0-81.0
220

81.0-87.0
6.0

Borehole 8
(elevation 1507 m)

Rhyolitic tuff
Cuttings are yellowish light gray. Rock is heavily fractured, carbonatized, in
some places ferruginized. Minerals: quartz, plagioclase, biotite.

Siltstone
Gray, dark gray, with small carbonaceous shale partings, fractures and micro
fractures are carbonatized. Individual quartz crystals.

Sandstone
Gray, fine-grained, fractured, with a 2-3 cm thick coal parting.

Sandstone
Gray, with a composition analogous to the previous interval, but without coal.

Sandstone
Brown, fine-grained, schistose, shattered, with very thin (several mm) coal
partings. The rock is carbonatized, in some places chloritized, weakly laminated.

Tuffaceous sandstone
Light gray, with rock fragments, rounded quartz crystals, plagioclase, rare
biotite plates, poorly laminated.

Sandstone
Brown, fine-grained, and in some intervals coarse-grained. Slight laminations
are observed at an angle of 12°.

Tuffaceous sandstone

Greenish gray, dense; extrusive rock fragments are 2 x 2 cm in size. The rock is
fractured, fractures and micro fractures are carbonatized. Minerals: quartz,
plagioclase, rare biotite plates. In some intervals the rock is crushed and
shattered.

Sandstone
Chestnut brown, fine-grained, in some places carbonatized, chloritized, silicified,
shattered; single quartz grains.

Tuffaceous sandstone with rock fragments.
Cuttings are greenish gray. Minerals: quartz, plagioclase. The rock is
carbonatized.

Tuffaceous sandstone
Pink-gray, dense, hard, medium-grained, in some places coarse-grained with
angular extrusive rock fragments. Minerals: quartz grains.



87.0-114.0
27.0

114.0-117.0

3.0

117.0-122.0
5.0

Tuffaceous sandstone
Greenish gray. Cuttings are represented by fragments of dense rock which are
carbonatized. Minerals: quartz, biotite, and possibly hornblende debris.

Sandstone
Cuttings are represented by dense, chestnut brown rock fragments with
individual dark extrusive rock fragments. Quartz grains are present.

Tuffaceous sandstone
Greenish gray. By compositton, analogous to interval 87.0-114.0 m.

10



22.0-23.8
1.8

23.8-24.0
0.2

24.0-24 8
0.8

24.8-27.0
22

27.0-27.4
04

27.4-30.0
0.6

30.0-33.0
3.0

33.0-37.0
4.0

37.0-56.8
19.8

56.8-64.0
72

Borehole 9
(elevation 1326 m)

Tuff breccia

Brown-gray, dense, fractured, with angular rock fragments; the rock is highly
carbonatized, chloritized, kaolinized, ferruginized. Minerals: quartz, feldspar,
biotite.

Sandstone
Gray, medium-grained, carbonatized, in some places silicified, ferruginized,
chloritized.

Sandstone
Analogous to that in the previous interval, with hard coal partings, possibly
silicified.

Tuffaceous sandstone
Greenish gray, crushed, carbonatized, chloritized.

Siltstone
Chestnut brown with individual rock fragments; the rock is crushed,
carbonatized, chloritized.

Coal - Bed Number 2
Black, friable, shattered, with siltstone partings; there occur weathered pieces of
coal and hard, silicified coal fragments.

Tuffaceous sandstone
Greenish gray, crushed, highly carbonatized, chloritized.

Clay
Brownish gray, with semi-rounded grains of quartz, plagioclase, and rock
fragments.

Siltstone

Chestnut brown, with individual rock fragments, crushed, shattered, highly
carbonatized, chloritized, in some places ferruginized, rounded, semi-rounded
grains of quartz.

Dacitic tuff breccia

Light brown, dense, fractured, highly carbonatized, chloritized, certain intervals
are ferruginized. Minerals: quartz, plagioclase, hornblende, biotite, fragments of
volcanic glass.

Siltstone
Chestnut brown, crushed, shattered, highly carbonatized, chloritized, in some
places ochered, single fragments (gruss) of extrusive rocks.

11



64.0-122.0 Tuff breccia
58.0 Greenish gray. Fragments of dense, hard rock, carbonatized, in some place
ochered. Minerals: quartz, plagioclase, amphiboles. Also contains volcanic
glass and extrusive rock fragments. In some intervals, the rock is chloritized.

12



3.0-13.0
10.0

13.0-20.0
7.0

20,0-44.0
24.0

44.0-50.0
6.0

Borehole 10
(elevation 1312 m)

Tuff breccia

Cuttings are light brown; dense and hard rock fragments; clear quartz crystals,
dull plagioclase grains, biotite plates, dark hornblende fragments, volcanic glass
fragments. The rock is carbonatized, ochered.

Tuffaceous sandstone
Cuttings are gray, plastic when wet. There occur semi-rounded grains of quarts,
plagioclases, biotite plates. The rock is crushed and carbonatized.

Tuff breccia

Cuttings are grayish brown, consist of quartz, dull white plagioclase, rare biotite
plates, limonite, rare fragments of ore minerals; also dense extrusive rock
fragments. The rock is weakly carbonatized and ferruginized.

Tuff breccia-tuffaceous sandstone.

Cuttings are gray, in some places dark gray, consisting of fragments of quartz,
plagioclases, biotite, individual fragments of potassium feldspar, dark amphibole
crystals, volcanic glass. The rock is hard, fractured, along the fractures -
carbonatized and ferruginized, in some places - silicified.

13



3.0-17.0
14.0

17.0-27.0
10.0

27.0-28.0
1.0

Borehole 11
(1327 m)

Tuff breccia

Hard, dense. Cuttings are light brown. There occur also dark rock fragments
and minerals - quartz, plagioclase, biotite, some ore mineral grains. The rock is
carbonatized, in some places ferruginized.

Tuff breccia-tuffaceous sandstone
Dense, hard. Cuttings are bluish gray. There occur fragments of quartz, plates
of biotite. The rock is most probably carbonatized, ferruginized.

Cuttings are dark gray, by composition analogous to the previous interval; single
fragments of dark gray, black, hard, possibly carbonified rock.

14
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24.0-100.0

76.0

Borehole 12
(elevation 1333 m)

Tuff breccia

Cuttings are light brown; rock consists of quartz grains, plagioclase, biotite
plates, and volcanic glass. There occur rock fragments, individual ore minerals.
The rock is hard, fractured, carbonatized, in some places ferruginized.

Basalt

Cuttings are gray, in some places dark gray; fragments of hard, dense rock with
predominantly dark minerals; the minerals are represented by prismatic crystals
of pyroxenes, amphiboles, dull plagioclase crystals, individual ore mineral grains.

Basalt - altered, chloritized

Cuttings are grayish green, dense, hard, with a porphyritic texture. The ground
mass is greenish, apparently consists of volcanic glass. The phenocrysts are
represented by almost black short-prism pyroxenes, hornblende, colorless semi-
dull quartz, dull plagioclase grains. There occur individual ore mineral grains,
also non-indigenous rock fragments. The rock is obviously altered.

15



3.0-12.0
9.0

12.0-37.0
25.0

37.0-48.6
11.6

Borehole 13
(elevation 1312 m)

Qal (modern deposits)
Clay, loam w/ fragments of lava and tuff breccia.

Tuff breccia

Dense, hard. Cuttings are light brown. Extrusive rock fragments and mineral
grains (quartz, plagioclase, biotite, and ore minerals) are present. Rock is
carbonatized and in some places ochered.

Basalt
Dense, hard. Cuttings are gray and dark gray. Groundmass contains pyroxene
and plagioclase phenocrysts.

16



6.0

9.0-20.0
11.0

20.0-30.0

10.0

Borehole 14
(elevation 1305 m)

Qal (modern deposits)
Clay, loam w/ clasts, represented by gravel, gruss, lava breccia.

Tuff breccia

Dense, hard. Cuttings are brownish gray. There occur quartz, plagioclase,
biotite, volcanic glass, also dark rock fragments. The rock is carbonatized, in
some places ochered.

Basalt
Cuttings are gray, dark gray. Dense, hard, with the ground mass containing
pyroxene and plagioclase phenocrysts.

17
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64.0-66.5
2.5

66.5-68.0
1.5

68.0-68.4
0.4

68.4-69.0
0.6

69.0-73.5
4.5

73.5-73.8
0.3

73.8-79.0
52

79.0-98.0
19.0

98.0-195.0
97.0

Borehole 15
(elevation 1410 m)

Dacitic lava breccia

Brownish gray, in some places with a greenish tinge, crushed and fractured in
certain intervals. Rock and mineral fragments are angular and semi-rounded,
cemented by a ground mass consisting most probably of volcanic glass and ash;
extrusive rock fragments are 3-5 cm across. Minerals: plagioclase, quartz,
biotite, single ore minerals. The rock is carbonatized and chloritized.

Tuff breccia

Greenish gray, dense, fractured, carbonatized, chloritized, ochered, consists of
rock and mineral fragments and a ground mass; extrusive rock fragments are
angular. Minerals: plagioclase, quartz, biotite, chlorite, carbonate.

Tuffaceous sandstone
Gray, dark gray, with dense, hard, possibly silicified coal partings carbonatized
along the fractures.

Siltstone
Greenish light gray, dense, hard, carbonatized.

Tuffaceous sandstone
Greenish gray, analogous to interval 64.0-66.5 m.

Tuffaceous sandstone
Gray, greenish gray, brecciated, with 1 x 1 cm rock fragments, the fractures,
microfractures and pores are carbonatized and chloritized.

Coal - Bed Number 2
Black, dense, silicified, with a fibrous texture, crystalline in some places,
fractures, microfractures are carbonatized and silicified

Sandstone

Gray, dark gray in some places, crushed, fine- to coarse-grained, contains max.
1 cm rock fragments, a 5-7 cm thick coal parting, analogous to that in the
interval 73.5-73.8 m. The rock is carbonatized and chloritized.

Siltstone
Cuttings are brown. Greenish in some intervals, with rare rock fragments, quartz
grains.

Tuff breccia

Dense, carbonatized, chloritized. Cuttings are gray. Consists of ground mass,
rock fragments, and minerals - quartz, plagioclase, biotite, single ore mineral
grains. Extrusive rock fragments are angular, semi-rounded, 4-5 cm across.

18



11.0-23.0
12.0

23.0-28.0
5.0

28.0-40.0
12.0

40.0-67.0
27.0

67.0-69.0
2.0

Borehole 16
(elevation 1305 m)

Tuff breccia

Cuttings are grayish yellow, plastic. Crushed, shattered, there occur grains of
plagioclases, quartz, biotite scales, hornblende, volcanic glass, also dark
extrusive rock fragments.

Tuff breccia
Cuttings are gray, by composition analogous to the previous interval. The grain
size is smaller. Contains more ferruginized areas than previous interval.

Tuffaceous sandstone

Cuttings are bluish gray, representing, most probably, tuffaceous sandstones -
carbonatized. Minerals: rounded and semi-rounded grains of plagioclases,
quartz, rare plates of biotite, also slightly rounded extrusive rock fragments.

Siltstone
Cuttings are brown, in some intervals dark brown, clayey, rare rock fragments.
Minerals: plagioclase, quartz.

Tuff breccia
Dense, hard. Cuttings are gray. Minerals: plagioclase, quartz, carbonates, also
fragments of volcanic glass and ash. The rock is highly carbonatized.

Tuff breccia-tuff conglomerate

Greenish gray, dense, hard, consisting of ground mass, rock fragments and
minerals - quartz, carbonates, possibly plagioclases. Many minerals are
substituted by a secondary chloritic mass. The rock underwent severe tectonic
alteration.
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Borehole 17
(elevation 1410 m)

Dacitic lava breccia

Cuttings are light gray with a brown, in some places yellow, tinge, contains
fragments of dense, hard rock consisting of mineral grains, rock fragments,
mainly lava breccia. Rock fragments: dark, dense, most probably extrusive.
Minerals: plagioclase, quartz, biotite, hornblende, some ore mineral grains. The
rock is carbonatized, chloritized, in some places ferruginized. Fluid loss at 93 m,
apparently due to jointing.

Tuff breccia

Bluish gray, dense, hard, consists of rock fragments and minerals apparently
cemented by volcanic material. Extrusive rock fragments: angular, semi-
rounded, 3-4 cm across. Minerals: dull plagioclase, semi-rounded quartz grains,
mica plates, hornblende, and some ore mineral grains. In some intervals the rock
is fractured. The fractures and micro fractures are carbonatized and ochered.

Tuffaceous sandstone
Gray, crushed, with dark, possibly carbonified rock (coal) partings and
fragments. Minerals: quartz, plagioclase. The rock is highly carbonatized.

Coal - Bed Number 1
Black, dense, hard, in some places crystalline, fractures are silicified and
carbonatized.

Siltstone
Greenish gray, fractures are filled with calcite, extrusive rock fragments and
slightly rounded quartz grains. The rock is highly carbonatized.

Tuffaceous sandstone

Greenish gray, brecciated, carbonatized, containing extrusive rock fragments 5
cm across. The rock fragments are slightly rounded and rounded. Minerals:
quartz, plagioclase, biotite. The rock is friable, shattered, fractured by tectonic
action. In some intervals the rock is chloritized.

Coal - Bed Number 2
Black, represented by hard, possibly silicified fragments, 1-2 cm max, and
fusain.

Tuffaceous sandstone
Greenish light gray, friable, shattered, carbonatized, with rare thin carbonified
rock (coal) partings.
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155-159.0  Siltstone
4.0 Chestnut brown, with an admixture of arenaceous material, which in some
intervals exceeds 50%, represented by rock fragments and minerals - quartz,
plagioclase, individual biotite plates, and ore minerals. The rock fragments and
minerals are slightly rounded and angular. The rock is weakly fractured, possibly

silicified and ferruginized.
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Borehole 18
(elevation 1165 m)

Dacitic lava breccia

Brownish gray, dense, hard, consists of ground mass, fragments and mineral
grains: plagioclase, quartz, biotite, and ore minerals. The rock is carbonatized,
and chloritized to a lesser degree. The ground mass, possibly, consists of
volcanic glass and ash. Extrusive rock fragments are 5 cm across.

Dacitic lava breccia

Bluish light gray, hard, fractures are ochered (ferruginized) and carbonatized.
The mineral composition is analogous to that described in the previous interval.
The rock is more chloritized, carbonatized, and deformed than the previous
interval. The ore minerals content is a little higher.

Dacitic lava breccia

Greenish light gray, hard, fractures are ochered, carbonatized, and in some
places crushed, in some intervals chloritized. Extrusive rock fragments are 3 cm
across (occasionally 7 cm across). Minerals: plagioclase, quartz, biotite, some
ore minerals.

Andesite

Dark gray, polycrystalline, fractured, and in some places crushed. Fractures -
ochered, carbonatized, chloritized. Minerals: plagioclase, pyroxene, chlorites,
carbonates. Looks like an intrusive body (dike-like body).

Dacitic lava breccia
Light gray, hard, in some places fractured, by composition is analogous to the
interval 20.0-38.5 m.

Dacitic lava breccia
Analogous to the previous interval, crushed, shattered, having undergone
tectonic influence.

Tuff breccia

Grayish blue, fractured, in some intervals shattered, fractures are ochered and
carbonatized. Minerals: plagioclase, quartz, rare plates of biotite, hornblende,
ore minerals. The ground mass consists of volcanic material. Extrusive rock
fragments reach 2 cm across. In some intervals the fragments make 20 percent
of the whole mass. The rock is weakly carbonatized and chloritized.
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Tuffaceous sandstone

Yellowish gray, medium-grained, with semi-rounded extrusive rock fragments
0.5 c¢m across. Minerals: biotite, quartz, plagioclase, rare ore mineral grains. The
rock is fractured, shattered, fractures are ochered, carbonatized, chloritized,
contains rare fragments of dark, almost black rock (possibly carbonified).

Tuffaceous sandstone

Light gray, of medium hardness, with max. 0.5 c¢m coal lenses, shattered,
deformed. At 117.5 m - a 3-4 cm coal lens with fibrous texture. The rock has a
little schistose structure, which is a little carbonatized and chloritized.

Coal - Number 1 Rider
Shattered, crushed, in some places crystallized, slightly laminated.

Arenaceous siltstone

Greenish gray, fractures are carbonatized and chloritized, with dark gray,
possibly carbonified siltstone partings (1-2 cm), and fine-grained sandstone
partings (5 cm max.). Bedding plane in the sandstones are dipping at 15°.

Coal - Bed Number 1

Black, dense, possibly silicified, in some places crystalline. Contains ore mineral
inclusions (pyrite) which are 1-2 cm across; fractures are carbonatized. Small
clayey partings.

Tuffaceous sandstone-tuff conglomerate

Bluish gray, brecciated, shattered, intensely chloritized, carbonatized.
Fragments: rounded, semi-rounded, 3-4 cm across, many are completely
substituted by chloritic mass; separate fragments of dark, possibly carbonified
rock (2 cm max.).

Coal - Bed Number 2

Black, dense, in some places crystalline, with small sandy-clayey rock partings,
in some intervals possibly silicified, fractures are carbonatized. Ore minerals are
present. Starting 138.0, thin carbonaceous partings start to appear, grading to
carbonaceous shale toward bottom.

Siltstone
Gray, dark gray, friable, fractures are carbonatized, crushed.

Clayey siltstone
Dark gray, analogous to that in the previous interval, but less fractured. In the
interval 144.4-144.6 - a clay parting: plastic, gray.
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144 8-147.8

3.0

147.8-150.5

2.7

150.5-151.3

0.8

151.3-159.0

7.7

Tuffaceous sandstone

Greenish gray, fine-grained, with inclusions of carbonified rock. Minerals:
plagioclase, quartz, rare biotite plates, ore minerals. In some intervals, the rock
is weakly chloritized and carbonatized.

Tuffaceous siltstone

Arenaceous, chestnut brown, crushed, fractures are chloritized. Minerals: rare
quartz, biotite. In the interval 147.3-147.9 - tuffaceous siltstone: dark gray, by
composition analogous to that in the previous interval.

Tuffaceous sandstone
Gray, fine-grained, dense, of medium hardness; contains plagioclase, quartz,
biotite. The rock is chloritized in some places.

Welded tuff-rhyolitic tuff

Light green, in some places fractures. Fragments: angular, 1-2 cm across,
making 10 percent of the whole mass. The rock is chloritized, occasionally
carbonatized. Minerals: quartz, plagioclase, biotite, chlorite, carbonate.
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Borehole 19
(elevation 1120 m)

Dacitic lava breccia

Dense, hard. Cuttings are yellowish gray. Extrusive rock fragments are
present. Minerals: quartz, plagioclase, biotite, individual ore mineral grains.
Some rock fragments are ochered. Rock as a whole is slightly carbonatized.

Tuff breccia

Greenish gray, fractured, crushed, tectonically affected, highly chloritized,
carbonatized. Ground mass consists mainly of volcanic glass and ash -
chloritized. Rock fragments: angular, rarely slightly rounded, 3-4 cm across,
partly chloritized. Minerals: plagioclase, quartz, biotite, ore mineral grains.
Chlorite and carbonate are secondary, which fill the fractures and pores, also
substitute certain minerals.

Tuff breccia
Slightly greenish gray, in some places porous, by composition analogous to that
in the previous interval, but less fractured, chloritized and carbonatized.

Andesite

Dark gray, dense, hard, fractures are carbonatized, chloritized, possibly
silicified, contains plagioclase phenocrysts, pyroxenes, ore mineral grains. The
rock as a whole is weakly carbonatized, chloritized, and less silicified.

Tuff breccia

Gray, dark gray, until to 68.5 m - with a greenish tinge due to high
chloritization of both the ground mass and some rock fragments. The rock is
dense, hard, in some intervals fractured; the fractures are filled with carbonates
and chlorites. Rock fragments: slightly rounded, angular, reaching 3 cm across,
represented by extrusives, partly chloritized, ochered, some are completely
substituted by chloritic mass. Minerals: plagioclase, quartz, biotite, possibly
hornblende, pyroxene, individual ore mineral grains.

Tuffaceous sandstone

Greenish gray, dense. Rock fragments: max. 1 cm across, making less than 15
percent of the whole rock mass. Minerals: quartz, plagioclase, ore minerals. In
some intervals the rock is fractured and carbonatized. The rock as a whole is
tectonically crushed, weakly carbonatized.

Tuffaceous sandstone
Gray, friable, laminated. Individual extrusive rock fragments are ferruginized,
max 1 cm across. Minerals: plagioclase, quartz, ore minerals.
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Tuffaceous siltstone

Greenish dark gray, fractured, shattered, fractures are carbonatized, chloritized.

Tuffaceous sandstone

Brecciated, coarse grained, containing rock fragments. Friable, highly
schistose, deformed. Rock fragments: semi-rounded, max. 3 ¢cm across, highly
chloritized, carbonatized, with visible foliation. Minerals: plagioclase, quartz,
rare biotite plates, ore minerals. There occur individual fragments of coal, max.
0.5 cm across.

Coal - Bed Number 1
Black, shattered, in some places crystalline, with sandy-clayey impurities.

Siltstone
Gray, dark gray, possibly carbonified, fractures are carbonatized.

Siltstone
Greenish light gray, in some places broken, shattered, carbonatized, possibly
chloritized.

Rhyolite (most likely replaced Coal Bed Number 2)
An extrusive rock with a porphyritic texture, light gray, dense, hard; ground
mass - volcanic glass containing quarts, plagioclase grains.

Tuffaceous sandstone

Dark gray, almost black, possibly carbonified, with semi-rounded extrusive
rock fragments, broken, shattered, with a visible foliation. Minerals:
plagioclase, quartz, ore minerals.

Siltstone
Greenish gray, carbonatized, possibly chloritized.

Siltstone

Chestnut brown, in some places with a greenish tinge due to chloritization
developed in the ground mass as well as in micro fractures, fractures and pores.
Contains individual crystals of quartz, biotite plates.

Tuffaceous sandstone
Greenish gray, hard, dense, possibly silicified, also carbonatized, chloritized.

Siltstone
Brown, analogous to interval 152.4-154.1 m.

Rhyolitic welded tuff

Pinkish gray, possibly hydrothermally altered. Ground mass possibly consists of
volcanic glass, partly microcrystalline aggregates. Contains rare quartz
phenocrysts, plagioclase, biotite, ore minerals, also extrusive rock fragments.
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160.5-162.0  Rhyolitic tuff breccia
1.5 Greenish, dense, with extrusive rock fragments, chloritized, less carbonatized.
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Borehole 20
(elevation 1157)

Dacitic lava breccia

Brownish gray, hard, dense, fractures are ochered, in some intervals chloritized.
The ground mass, most probably, consists of a mixture of volcanic glass and ash
undergoing ferruginization and chloritization. Extrusive rock fragments: angular,
semi-rounded, 2-3 cm across, some - 5 cm across, many are ochered and
chloritized, make up to 20 percent of the whole mass. Minerals: plagioclase,
quartz, biotite, single mineral grains. The rock is carbonatized as a whole.

Dacitic lava breccia

Gray, dense, hard, rare fractures are ochered. Extrusive rock fragments are
cemented by a volcanic glass and ash cement - carbonatized and ochered along
the fractures. Rock fragments: dark, 1 cm across, making 10 percent of the
whole mass, some are chloritized. Minerals: plagioclase, quartz, hornblende,
biotite, and single ore mineral grains; small amounts of chlorite and carbonate.
The rock is carbonatized as a whole.

Dacitic lava breccia

Brownish gray, analogous to interval 17.0-39.0 m, with a stronger degree of
chloritization (along the fractures, in the ground mass, rock fragments),
ferruginized.

Dacitic lava breccia
Analogous to interval 39.0-40.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 40.0-44.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 44.0-45.0 m.

Dacitic lava breccia
Brownish gray, analogous to interval 45.0-57.0 m.

Tuff breccia

Gray with a bluish or greenish tinge in some places, dense, hard, fine-grained.
Rock fragments and minerals are cemented by a ground mass consisting, most
probably, of a mixture of volcanic glass and ash baving undergone partial
chloritization, silicification, and carbonatization. Extrusive rock fragments: semi-
rounded, 1-2 cm across, making in some intervals 10 percent of the whole mass,
some are ferruginized and chloritized. Minerals: plagioclase, quartz, hornblende,
biotite, sericite, single ore mineral grains, chlorite, carbonate
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Tuffaceous sandstone
Greenish light gray, medium-grained, with single semi-rounded 1 x 1 cm rock
fragments. Starting from 106.2 - 0.3 x 0.3 cm coal chunks and partings.

Coal - Bed Number 1 Rider
Black, in some places brown, crushed, ochered, possibly silicified, in some
places crystallized, containing single ore mineral grains

Tuffaceous sandstone

Light gray, porous, with weakly stratified (oriented) grains. Minerals: rounded
clear quartz grains, plagioclase, biotite, rare ore mineral grains and dark
extrusive rock fragments. Ground mass: possibly consists of a mixture of
volcanic glass and ash.

Sandstone
Gray, fine-grained, dense, hard, with a black crystalline coal parting (0.3 cm)

Siltstone
Greenish gray, crushed, broken, chloritized; interval 110.2-110.4 m - sandstone:
greenish gray, crushed, intensely chloritized, coarse-grained

Arenaceous sandstone

Dark gray, possibly carbonified, in some places - chloritized; interval 112.8 m -
black coal partings, 7 - 8 cm thick, in some places crystalline, pyritized. The
rock as a whole and fractures are carbonatized

Coal - Bed Number 1

Black, some partings - crystalline, stratified, ochered (ferruginized) in some
places, pyrite chunks and phenocrysts. The rock is crushed, weakly
carbonatized.

Tuffaceous sandstone
Coarse-grained, brecciated, bluish to greenish gray, friable, deformed, intensely
chloritized, carbonatized.

Coal - Bed Number 2 Rider
Black, dense, hard, possibly silicified, in some places laminated, with a fibrous
texture, carbonatized.
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Tuffaceous sandstone

Brecciated, coarse-grained, greenish gray, of medium hardness, in some places -
broken and crushed. Rock fragments: 3-4 cm across, intensely chloritized,
carbonatized, some are entirely substituted by chloritic mass. Minerals:
plagioclase, rare quartz crystals and mineral grains, possibly hornblende. Rare
grains and chunks of coal or carbonaceous material. Ground mass: intensely
chloritized, carbonatized, the carbonates filling the fractures, microfractures and
pores.

Coal - Bed Number 2
Black, dense, possibly silicified, in some places crystalline.

Tuffaceous siltstone

Gray, medium hardness. Rock fragments 2 cm max., rounded, semi-rounded.
The rock is intensely chloritized, carbonatized (both the ground mass and rock
fragments and minerals), broken and crushed. The fragments are laminated.

Silty carbonaceous shale
Dark gray, interbedded with gray siltstone. The bedding plane shows a dip of
12-15°. In some places are carbonatized. There is single coal parting (1 cm).

Siltstone
Gray, in some places dark gray, possibly carbonified, in some intervals broken
and crushed, carbonatized, individual single carb. shale partings (1 cm).

Siltstone
Light gray, possibly calcareous, with medium-grained sandstone partings. In
some places the rock is broken, fractured. Carbonified partings (5 cm).

Tuff breccia, tuff conglomerate

Greenish gray, dense, hard, with extrusive rock fragments reaching 8 cm across.
Fragments: semi-rounded and rounded, intensely chloritized. The rock as a
whole is carbonatized and chloritized.

Siltstone

Chestnut brown, stratified, contains rounded quartz grains, biotite. The rock is
intensely carbonatized, chloritized along fractures and microfractures as well as
in the pores.

Welded tuff, rhyolitic tuff

Light gray, in some places with a greenish tinge, porous, contains rock
fragments (2 cm). Minerals: plagioclase, quartz, biotite, ore mineral grains. The
rock is carbonatized and chloritized.
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Borehole 21
(elevation 1235)

Dacitic lava breccia

Grayish brown, hard, dense, fractured, fractures are ochered. Rock and mineral
fragments are most probably cemented by a mixture of volcanic glass and ash,
which are partly ochered and carbonatized. Extrusive rock fragments are 2-3 cm
across, some are 7 cm across, angular, some are semi-rounded. The majority of
the rock fragments are ochered and partially altered. Minerals: light dull
plagioclase, semi-dull quartz, biotite, possibly hornblende, carbonates, chlorites,
and individual ore mineral grains. The rock as a whole is carbonatized.

Dacitic lava breccia

Gray, dense, hard, rare fractures are ochered. Extrusive rock fragments: dark,
reaching 1 cm across, making 10 percent of the whole mass, some fragments are
chloritized. Minerals: plagioclase, quarts, biotite, hornblende, ore minerals; small
amounts of chlorites, carbonates, iron hydroxides. The rock as a whole is
carbonatized.

Dacitic lava breccia
By composition is analogous to interval 16.0-24.2 m.

Tuff breccia

Gray, bluish gray, dense, fine-grained, fractures are ochered. Cement: volcanic
glass plus ash. Rock fragments: angular, semi-rounded, reaching 1 cm across.
Minerals: plagioclase, quartz, hornblende, biotite, rare ore mineral grains,
carbonate. Starting from 104.5 m - coal inclusions (0.5 cm max.). In the interval
104.95-10.5 m - a coal parting: dark, almost black, fractures are carbonatized.
The rocks enclosing the coal underwent strong tectonic influence, evidence of
intensive carbonatization, chloritization, and possibly presence of talc (the rock
feels fatty on touch).

Siltstone
Gray, dark gray, carbonatized, with gray fine-grained sandstone intercalations
(20 cm max.)

Sandstone
Greenish gray, medium-grained, crushed, carbonatized, intensely chloritized. 10
cm partings of siltstones observed in the interval 105.0-106.4 m.

Siltstone arenaceous
Dark gray, possibly carbonified, with a 5 cm thick black coal parting, also rare
inclusions of, probably, coal.
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109.7-111.0 Coal - Bed Number 1
13 Black, in some places silicified, and crushed. Thin carbonaceous siltstone
partings are present starting at 110.4 m towards base.

111.0-115.8 Tuffaceous sandstone
438 Brecciated, medium-grained, bluish gray, with rock fragments 3 cm across,
chloritized, carbonatized, and, probably, affected by tectonics.

115.8-120.7 Welded tuff, rhyolitic tuff
49 Light gray, dense, hard. Ground mass: volcanic glass with quartz and
plagioclase phenocrysts. The rock is shattered, with chloritized and carbonatized
pores and fractures. Starting from 117.0 m - more dark rock fragments, in some
places making 10 percent of the whole mass.

120.7-132.0 Tuffaceous sandstone
11.3 Greenish gray, coarse-grained, dense, reaching 1 cm across. Fragments: slightly
rounded, angular. Starting from the interval 126.0 m the rock is shattered,
intensely chloritized, carbonatized, the rock fragments reaching 5-8 cm across.

(Stopped drilling before encountering Bed Number 2)
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Borehole 22
(elevation 1172 m)

0.0-18.0  Large clasts (gravel, boulders) of rocks having different composition - tuff

18.0 breccia, lava breccia, andesites, andesitic basalts, which are cemented by a
sandy-clayey material. Most of the fragments are highly ochered, chloritized,
carbonatized.

18.0-24.0  Dacitic lava breccia
6.0 Yellowish gray, crushed, shattered, represented mainly by gravel, the fragments

are highly ochered, chloritized.
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Borehole 23
(elevation 1240 m)

Boulders, gravel of rocks of different composition (andesites, basalts, tuff

breccia, lava breccia, etc.). The rock fragments are highly ochered, chloritized,
carbonatized.

Gravel, boulders of brownish gray rhyodacitic lava breccia; the fragments are
highly ochered, carbonatized, chloritized.

34



54.0-55.7
2.7

55.7-64.0
8.3

64.0-81.0
17.0

81.0-90.6
9.6

90.6-91.1
0.5

91.1-93.0
1.9

93.0-97.1
4.1

Borehole 24
(elevation 1301)

Rhyodacitic lava breccia

Brownish gray, dense, hard, in some places fractured, in some intervals crushed,
fractures are ochered. The rock as a whole is carbonatized, consists of
fragments of rock and minerals, cemented by volcanic material (ash, glass).
Extrusive rock fragments are 3 cm across (some are 5-6 cm across), making 20
percent of the whole mass, most are angular, and rarely semi-rounded. Minerals:
dull plagioclase, semi-dull quartz, biotite, hornblende, separate ore mineral
grains.

Rhyodacitic lava breccia

Bluish gray, by microscopic composition analogous to the previous interval.
Dark extrusive rock fragments: 1 cm across, making approximately 10 percent
of the whole mass. The rock is carbonatized.

Rhyodacitic lava breccia
Grayish brown, analogous to the interval 18.0-54.0 m.

Tuff breccia

Bluish gray, in some places fractures are ochered and carbonatized. Cement
consists of volcanic glass and ash; rock fragments: angular, most are 1 cm
across, some - 3 cm. Minerals: plagioclase, quartz, biotite, hornblende, ore
minerals, carbonates, iron hydroxides. As a whole, the rock is carbonatized.

Tuffaceous sandstone

Greenish gray, dense, fine-grained, fractures are ochered, contains up to 5
percent rock fragments. Minerals: quartz, plagioclase, biotite. At 89.80 m - 3 cm
thick coal partings. Contains separate ore mineral (pyrite) inclusions and
phenocrysts, small coarse-grained tuffaceous sandstone and gritstone partings.

Silty carbonaceous shale
Dark gray, almost black, crushed, with partly crystalline coal partings. The rock
is carbonatized.

Arenaceous siltstone
Gray, fractures are carbonatized, intensely chloritized. In the interval 92.4-92.55
m - a coarse-grained sandstone parting, which is intensely chloritized.

Tuffaceous sandstone

Gray, greenish light gray until 93.3 m, fine-grained, with carbonatized and
intensely chloritized fractures. In the interval 94.5-94.6 m - a coarse-grained
sandstone parting - greenish gray, with a laminations, carbonatized, chloritized.
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97.1-99.0  Coal - Bed Number 1
1.9 Black, fractured, silicified with rare 3 cm thick partings of gray siltstone. Pyrite
is present. A sandy clay rock parting is present in the interval 97.4 - 97.5 m.

99.0-102.0 Tuffaceous sandstone

3.0 Greenish light gray, fine-grained, with medium-grained and coarse-grained
sandstone partings. The rock is fractured, carbonatized, with a weakly expressed
laminarity.

102-118.0  Tuffaceous sandstone

16.0 Light gray, dense, hard, with rock fragments 1 x 1 cm by size, fractures are

carbonatized.

(Stopped drilling before encountering Bed Number 2)
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Borehole 25
(elevation 1045 m)

Modern deposits, represented by fragments (boulders, gravel) of lava breccia,
tuff breccia, sands.

Sandstone
Yellowish gray, fine-grained. Cuttings are represented by dense, hard rocks. The
rock is carbonatized and ochered, consists of mineral debris and rock fragments.

Tuffaceous siltstone
Chestnut brown, with rare extrusive rock fragments. The rock is carbonatized,
possibly in some places chloritized.

Rhyolitic tuff, welded tuff
Pale green, with dark rock fragments. The rock is slightly chloritized and
carbonatized.

Tuffaceous siltstone
Dark brown, contains extrusive rock fragments. The rock is carbonatized and
chloritized.

Tuff breccia
Dense, hard, light gray, with dark rock fragments. Minerals: plagioclase, quartz,
rarely biotite. Dark extrusive rock fragments are also present.

Tuff breccia

Dense, hard, greenish gray. The extrusive rock fragments are angular, 2-3 cm
across. Minerals: quartz, plagioclase, rarely - biotite, possibly hornblende.
Volcanic glass is also present, which probably is a groundmass constituent. The
rock is carbonatized, in some intervals chloritized.
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Borehole 26
(elevation 1103 m)

Dacitic lava breccia

Gray with a yellowish, brownish tinge; in some intervals crushed fractures are
intensely ferruginized, consists of fragments of rocks and minerals, cemented by
volcanic ash and glass. Extrusive rock fragments: angular, 1 cm across, in some
intervals making 10 percent of the whole mass. Minerals: plagioclase, quartz,
biotite, iron hydroxides, carbonates, chlorites. The rock as a whole underwent
strong tectonic reworking.

Tuffaceous sandstone

Bluish gray, friable, fractures are ochered (ferruginized). The rock is
carbonatized, chloritized, and in some intervals crushed; contains single dark
rock fragments 1 cm across. Minerals: semi-rounded quartz grains, plagioclase,
biotite. Starting from 39.0 m the grains are larger, and the rock is darker.

Coal - Bed Number 1 Rider
Black, dense, fractures are ochered.

Arenaceous siltstone
Greenish gray (chloritization), in some places dark gray, possibly carbonified,
laminated.

Coal - Bed Number 1
Brown, brown-black, fractured, in some places shattered and silicified; fractures
are carbonatized. Schistose. Pyrite grains.

Tuffaceous sandstone

Brecciated, friable, bluish gray, deformed, schistose, shattered. Rock fragments:
1 cm across, many are partly or completely substituted by chloritic mass. The
rock as a whole is intensely chloritized and carbonatized. Contains rare grains of
plagioclases, quartz, biotite.

Coal - Bed Number 2
Black, crushed, in some places silicified, crystalline; fractures are carbonatized.

Siltstone
Dark gray, possibly carbonified, laminated, with an apparent dip of about 15°
contains light gray, fine-grained sandstone partings.

Siltstone
Gray, at 65.3 m - a brown coal parting, 3 cm thick: dense, possibly silicified,
fractures are carbonatized.
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67.2-72.1  Arenaceous siltstone
49 Brownish gray, fractures and microfractures are carbonatized, in some places
chloritized; rounded quartz grains, plagioclases, biotite.

72.1-78.0  Welded tuff-rhyolitic tuff
59 Light gray, fractured, in some places chloritized; rock fragments: dark gray,
angular, 1 cm across, some are partly substituted by chloritic mass.
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Borehole 27
(elevation 1103 m)

Tuff breccia

Bluish gray, dense, hard, fractured in separate intervals, carbonatized. The
ground mass contains dark extrusive rock fragments and mineral grains.
Fragments: dark, dense, angular, most are 1 cm across, some are 3 cm across,
makes 5-10 percent of the whole mass. Many fragments are ochered. Minerals:
plagioclase, quartz, biotite, carbonate.

Coal
Black, dense, possibly silicified, along fractures and microfractures carbonatized.

Tuffaceous siltstone
Until 32.4 m - whitish gray, after - gray, dense, hard, fine-grained.

Clay shale
Greenish gray, in some places dark gray, possibly carbonified, carbonatized.

Coal
Black, crushed, possibly silicified.

Clay shale
Greenish gray, analogous to interval 32.2-32.4 m.

Tuffaceous sandstone
Strongly altered, brecciated, fractured, crushed, intensely chloritized,
carbonatized.

Tuffaceous sandstone

Greenish gray, fractured, in some intervals crushed, schistose. Dark extrusive
rock fragments are 0.5 cm across. Along the fractures the rock is carbonatized,
but as a whole intensely chloritized.

Tuffaceous sandstone
Light gray, dense, hard, fine-grained.

Andesite

Dark gray with a greenish tinge, with pyroxene phenocrysts, fractured,
carbonatized and chloritized along the fractures. Carbonate and chlorite veins
are 0.5 cm.

Tuffaceous sandstone
Greenish gray, medium-grained, in some intervals crushed, strongly chloritized,
containing individual rock fragments.
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43.5-43.6  Siltstone

0.1 Chestnut brown, with coal partings (0.3 cm).
43.6-44.4  Tuffaceous siltstone
0.8 Gray, dense, hard, fractures are carbonatized, in some places intensely
chloritized.

444-45.1  Tuffaceous sandstone
0.7 Dark gray, in some places greenish gray, carbonatized, chloritized; in the
interval 44.5-44.55 - a coal parting: dense, hard, with a visible bedding angle of
15-18°, weakly ochered, carbonatized.

45.1-47.35 Tuffaceous sandstone

2.25 Light gray, fine-grained, dense, in some places greenish due to chloritization.
47.35-47.45 Coal
0.1 Black, dense, hard, silicified, fractures are carbonatized.
47.45-48.0 Andesite
0.55 Greenish gray, dense, fractures are carbonatized, chloritized, with pyroxene
phenocrysts.

48.0-63.9  Tuffaceous sandstone
15.9 Brecciated, crushed, intensely chloritized, carbonatized.

63.9-64.7 Coal - Bed Number 2
0.8 Black, crushed, in some places silicified, fractures are carbonatized, with small
sandy-clayey rock partings.

64.7-66.0  Arenaceous siltstone
1.3 Gray, in some places dark gray, possibly carbonified, in some intervals has a
greenish tinge, fractures are carbonatized and chloritized.

66.0-72.5  Siltstone
6.5 Chestnut brown, in some places dense, fractures are chloritized, carbonatized.

72.5-90.0 Welded tuff - rhyolitic and rhyodacitic tuffs
17.5 Light gray with a greenish tinge; fragments: angular, 3 cm across.
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